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(54) ROLLING MEMBER AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the deformation resistance in the plastic working when 
producing a shape stock in which a gear having high strength or the like is easily by a plastic 
working method and furthermore to stably execute plastic working at a lower temp, with high 
precision. 

SOLUTION: In an alloy steel substantially consisting of an iron series, a steel contg. at least, by 
weight, 1.5 to 4.5% Si, furthermore contg. <0.35% C, and the balance substantially Fe with 
inevitable impurities is used and is subjected to one or more kinds of heat treatment among 
carburizing, carbonitriding and nitriding and quenching treatment, by which the surface layer has 
a structure essentially consisting of martensite and residual austenite and contg. no aFe 
phases, and the inside has a structure cooled from the (a+y) Fe phase two phase region. 
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(57) 

ess] iS^s^ffi^^stttor^fflc^rsgjc 

^<i<>Si*l. 5~4. 511%Mtiii() 



1 

i m&m i ] mmtwc&m* h t£Z>&&mx$> o x . 

( 1 ) a f&mm* fctt ( a + r ) F e ffl" mmW<DM 
m&fflm®*> Pt£<tb800 XU± 1 3 0 0 *Cfe*T 

ttjjnx-r £ vk<D&&mK*'ptt <xzz,jz>jic-?z>ct 

<!:. ( 2 ) *Ki&^ D o©^£it^*/cJ6K*fer£S& 
W^ii/ST 'pts. < its i iA 1 8$JE*§fi£ 

i. o~4. 5mm%&m-rzttbic. c*o. 35 
m&%y.T$m ^*5|iawtc f e *? «t cf * 
ojis^!gj*^«:s^tt*ffl^-c. get &£as. m 

g©5 *>© 1 aJEO:©J»«lffl<!:«l#A^Mffli*ti-rc 

r) FetB-fB^^6»*P3nfcffl^W^'Sf5Slg|5 

tfi!5fc3t2] 8?fB S i t l§Jt${C ( a + t ) F e IB— tB 
ffl&Z&ttZA 1 «r0. 1 — 1. 5tI%©Kir. 
*^>Si+Al ©mM&B* s 4. 511%4mi5:t,»<t 

^{c^ws^r. z htemmvioypu^ms.* mum 

<h#>6¥15j&Sa*0. 5 ymWTOA 1 N*0. 4 — 

6. o#m%Wfflicftmim2-ezcticj:'?xMmEE 
**©!&§#& 

tii^3 ] mmmtii&fHcis^x s i . a 1 <tisn$ 

tc (a+ T ) F etB-tB^*^rSC r*0. 3- 

owMi4@5iit(c. mm. mm.®.m. mm<o 
umWF<ommttc r mm. crutmi^/sfc 

t. ai. CT*3z.&.t?z>mtVi. mm, m.mm 
zdkmicftfomm «* # s <t <t ft. ^©gsftzgg* 

0. 4ffig%«±fCilS«>£C<LftJ:oT2 0-7 Of*© 

tt*^ 2 $ 3 ftia*£©es&gB#©Kja;£&. 
[is^5] msamffiHca^T: s i . a i tmm 
«: (a+ T ) f etanfflM^KA-r sit fete, me 

C r^{t1fc©S!fcffl<t£0£/c&ftV£2fifi%fcJT©i£ 



(X) ttfflW- 1 1 -222 627 
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ft. fi»«An. mmtmxti. nrntmrnrnxtit 

ASTM#^9feLhtC»*i{b-r-5<!:i<>K:. &#Aft£ 
C<ttt£^T£)£3ft£ftttv.>l^>-tM hmi^(D 

^CC^ttfliJIbT * C £ ^Sit^ 4 * /ctt 5 
ftia*&©$EStig|M*©SSj§;£i£. 
(19*^7 ] Birfasm^#ftfci,>T£Att14*#IiE-r 
10 Sfc&ft. 0. 1-3. 0fiS%©gMn. Ni, C 
u. 0. 0 1-1. 0fifi%©Mote£tf/gfcWfi£3fc 
©®fflrtr©B©5%©lffiliLL£aSJjnL. *-5Mn, 
Ni, Cu (omW&W* 3 ffifi^WTtciiS-r •*> C £ «: 

«f@5:<fc-r-2)it^3i2 -6©^ ^cDtrirnA^ieiscDfesb 
c sum 8 ] Miawa^te <t o/s tamtm&ic «t 

oT^£i£tfc^3tf*aMa>£©iE&W:. tilfiftfc 
t»T«*i?a-^M©0. 1 5tgmmliLk±-?ZC£i 

3m2 - 7 © ^ ^©t>rti*>K:iaiS©«S&SPW©i!B»^ 

a. 

[fti*Bi io] Buia ( a + T ) f e verJmwmoymwk 

-5 a F e *B# 2 5 tMS%JU±r* SCi 
30 £ T Sit ^ra l (ClBiS©^!!)^©!?^!*,, 

c»*3B in mm i-io©^ %©i>-rn*Hcia 

[0 00 1 ] 

l^^i. c©iSS75Fffi«:j:Of#6nsfet6g|5tt(cM 
40 ?Z>i><DX$,Z>. 
[0002] 

[^©ijjfi] a^. sshM'pMtmwc&titizmm 
i**e^^g©3>^-^ Ht©/c«>©wffiji8ie©iaj± 

*5fit3fe«±K:s*§*ar#rii.2,. c©^ %JinxB$r a 1© 
mic£Z&ft&8i&<t&&<tfim$tiXK>2>. */c. iSf 

so EjE?ss©i6i±£toti*>6«. mv>%mi,mmvi 



3 

x. mmfticmffimcDm&zn&ztt&ic. mmuK 

[000 3] 

fexmfc-rzm&icte^xte, i 200-1 30 o-c&c 

b^*.t>tixi<>2>i)K ztnt—yjxtemmtKz^icm 
^/c j:^^^ bftmmtcto^ximtcmmifi 

ttNHAfts J: 9 il£{b 3 ft 6. 
[ 0 0 0 4 ] wc. ^P^3^tt^»f H i^*r ^ c <t ec 

tooo5]^/c 4 ±.&<Dtmmmx&mmmtt&-m. 

1 2 00-1 3 0 0^dJ$t&£ft5/c#\ ^-X^^-Y 

c 0 0 0 6 ] */c, ±ft<D&*fr%mm&im<k 0 i> 
im<o8 50-10 0 o-cm&icmtzmf&Lx. 

[0007] i5^coa*«««^3i«rw, k 
**r«WEjE«Sccfinfc«Ftt(D?fcS^a * tire » 
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2. 3B(CR.fcc<t<>^L<&<> MAOHMauCOlK 

aosffifbsriaafca&ccw:. co/co2#x¥&rc?s 

h <D«rai * Rfr±T « «£> 65 6 CcaKXIS <b n«a^« ft 

[0 00 8] HOC. fl(fttoflMj*»&K» JcQXo&ttBi 
E«:i8fA4flia&dr*i!JS-r*^«>«:, Sifir«^3*r 

T i ^*»ftr^ 4C i^^Kff-W(cK*6tir*J0 . 
S6Cc«»BDWbJB*J:0Wb3-tt**:»«c, SS*tt^ 

[0009]i/c. V, Nb. T im<D*-XT*J b 

«cfet^raiBtt««^{l«*«j^*7c»*»*Wb© 

30 

[0010] «ra©<fc 5«craH*cc«*rtt 

40 [0011] 

0 0-1 300 °CcDiag©H, ^<ifc8 50-1 2 
0 0 •COSS®HCC^a^r^B?(D»P^«^©ffl^a 
FeffiW^/i/ctt (a + r) FeffinffiflMftHKX 
ItSfil, »iSI^CC*Jl»Tfc^«C< ife (a+ r ) F 

50 oTfci£c»iaKttfflec*jc>r (a + r) f etiz:ffl«« 



5 

£$5Efb $ -tf^Ci&Ccfco r ^fcffiftcDfi A£KS± U . 
c titt £ o r 2^yraxtt£&# l tc h cox $> 

[0 0 1 2 ] mi&CDJi^K.. 8 5 0- 1 2 0 O'CCDSS 

i <t A 1 (DmiMtm* 1 . 0-4. 5ffiffl%, Al£ 
0. 1-1. 5tl°/oiLT 4 ^^^{rflSat 

[0013] fcfc, tfefc<DT F em<DfeH 1 n<Df&&f)m 
fflXZ £&ig<Dj&S 1 0 0 0 *CJ£Lh<E> 110 0—130 
0-CCC»P^Lfci^CD (a + r) F et0ZltB^rcD*S 

[o o 1 4 1 mcc, m&o&&<DM®$mmtc%i&~rz> 
mtmmz. t&mmMvm&z <a+r> FetBurasg 

[ooi5] m&tzix h<D##cD/ctf>tt v m&tmmic 

<fc5fc, mttl&fttpCOS i + A 1 CD#5M£§£1 . Offi 

xm^^^tmrn^mx^^^^^L, 

jIOCc (a + r) F efB-tBa>e>&£<£^KLTl>*C 

[0016] tuts. *QmmteMmm±mEj&R&<& 
or, waaKKccasiNettc r 7 c 3 *^fi{c^ts*fw 
imLtcm&amfcm&mmmzm^xtec r 7 c 3 
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bbh#*>*. enwtor. *»wri«fra©j:9«:s 

i, Si+Al(WI*l. 5ffiffi%W±CC^J«)^C<i:tC 

»* U < «B?^<D ( a + r ) F e ffi~ «««<D3cffiKB 
i©H»3a>6Si. S i +A 1 C7)tgS«2. 511°/o« 

BSh4^ affl©«»»IHHJt*tt3 5#8|«eLhr 

10 Cr^±iiL/c, 

[0017] faMW0)HlliEm«J:0K»&#S£ 

r, a 1 Nmm*&i$r$'z>A 1*0. 1-1. 511 

0. 5 umHTOA 1 N£#j6ft1g%£± 

E&ec ur^t5t#Tta$ it £ c <h cc <£ o rgtotgn/c^tt 

20 (DO. 0 5fgmm«±CCH^-r^C<t«:J:^r, gn/c 
[0 0 1 8] $6CC, ti»<DffiffilE«&£f§S©8®£ 

m#>*>tc&>ic % m&commmtmmicmm^x^w 

± «c % £ £ 5 cc MIS 3 T £ c <fc $c J: o r 5t S U . 
[0019] tt*j % ±»©*HBd*as*4iaR©«*. 
mm&mm&x o . 6 sa%«±r * * c ± * u 

^/c, C r^KtSSiC^ttlUrC r 7C3 
[ 0 0 2 0 ] $ ^f»^»CC5le<DJVUR«M<<:Jt 

^r, ^ffim^ti^ i <DVLmxmj%?zm&mtc*i> 

CC^C^r-fer^>^>r h€:^S*fai$1±, f&Ati<Z>tc#><D 

[002 1 ] jftK. «^*tttf©«yi!HS«(c*#A*i 

«c&flfll£«c&^ atB^H?^CDJ: ; 5«:2 5f*^%«± 
i & ^<Dr jRia?»KOH*> 6 » a tB^g£ig*6T te 
50 < C 0t>. Si, Al fti'OaF 



SH-^ 6 «ir >1t A b <t / $ te^ 

h®^:^Ur*5<C<i:^fiF$oc^CDr. Cr, M 
n, Ni, MoAj:i'or)«EAni4«r^^^7C^^. jS 

a»fti-r & c t cc o x a# l fc. 

[0022]CrttaFe «*3cJEfl:T*7C*r * 0 % 
±&<D (a + r> FefflZltH««*fi£^:-ri7C^r* 

TOftRJCSftiStiSS i . A 1 KJ:*-fe>>£-r b 

[0023]Mn, N ittrFetB£^{b^rc#>D. 

Afttt£i^&&it«£> 6 2 as%«T<D©fflT8sjra£ ft 

[0024] Mo \tC r <b {3t{^^<Df^€r^-r^7C 

^AftttcD^±il^|g^>6«fie*(D^a> 

[0 02 6] VttS i £^«KaFeffi^{b^r& 
0 . (a + r) F e tB-ffl^^JtAT-STC^^^ <b 

^^^^^^i^ccte^ur^|ffl^^^fb«5 
^{b^^J:cf^fb^^»STW$ii^ffffl^^-rc 

[0 02 7] Zr, T i. Nb^S^. mtm 

[002 8] Ca. S. PbtemniCto^xmm<D& 

towmnwmmxmmbx&m-rzct&H* la> 0 

[0029] &4e, mi£<DJ: 5 Kjg^, 

m^ic£-?xc. N*«»iia3*teaK:**Aftwt 

?^/cfIIic^<<DS3t-Xft^ h ft 

&&7cmi&&ic£^xffifflztix se^co^ias 

[0 03 0] £/c, IfiSO J: ftftaafaJctf 
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•i&Ati&mzM'rzticjz^x. mmmom*-^ 

+ 4 h*£B^e^ASTM9#WJiW:5i««:afflfb*r^<D 

[ 0 0 3 l ] 3 etc, ±^oi: 5 Ki£Jlta#§I^ccS&*ffl 
fb3ft, rfpo^fcj&go. 5/im«T<DA 1 Nfc£<DS8 

*ffl#fai^^iiJ^acc^gi$^-5c<btc<i:or, SSAfttS 

>T Kfr6£f££ft£v;i,:r>tM h^<DiS|gtt£iiWCc 
10 ^«fKbor, i Mm^TCD^iccSiiifbLr, 

bmicmtp? z&ftzzi}itox®mmtrcftfo2& 

[0 032] JrftK. WJmi$frX&Z> S i . 

a i tccom^^^xm^ummm^^xaF eti 

fccfctf ( a + r ) F etBz:raM^*£®ftK#&3tK 

20 Ci^tio 

[0 03 3] <*6Cc\ C^WJCjS^, g^a^^iS 

u ai. c r *i#tr*awiKtmb«i*»«s«tt 

/ct£CC , &Aft*MI 1/ /c®S<DMBRaS«e£*<DflO^# 
MKSMK* Aft 1/ /c®m<Dffi0E®SO 1 . 4 ffif«±fc 
8Mb 3 ft /c 0 

[ 0 0 3 4 ] £/c, f§m©^S^-«Aftf£<D^Jl 

^a^^<Dia«s^^cs^-«g#AftL/c®^o^ 

^Sitb^ I^H^rtgP^<D^<^aFeffl^6^-S 
ZtK&^x^m^mZiriX^ZCLtimhfrttz-o 

30 /Co 

[0035] ^/c ii o o'cictovz-muxoiM&m 
izzmtcDWMizmttt&Lxnni,. *<D&$k$mm 
mmmKDmmxmcm^a:. mmttotetmmzm 

/c^>oC(,^^4si^r4>^M^ccfflA^:*fe^>^^ b& 

40 J:ors^BfH(^»fb^s«tcHfts<Dr; 
x h0A^^fi^cco^6c<b^^o/c 0 
[0036] 

[0037] i ) mtmrn 

( a + r ) F e *BHffi»«*SS«C|?tt3 i±Z>tc#><D3k 

ftz&mutc. -ecD*sm^ia i - 1 occ^u/Co 

50 {Ctt < a + r ) F e «T««J«o a HMHO* a / 



(6) 



(a + r) <hg|^U t*B«J*t/ (a + r) <LSl^O 
/Co r/ (r+0) tt-fey>£^ htWr-Sr 

[003 81 H1. 02t£S*<!:&£Fe-S i -C, 
F e - A 1 -Ca^^^ogco^^^^U/ctcD 

%VL±<DA \mmtC£~>X. (a + r) F etBH 
*U:9&*iftB[ (fifi%) ©E^Sfflr, *o8 0 0t 

i>*m&rc # £ C i 3&sto £ . 

[0 0 3 9] ftfc, F e-S i 27c^^Cc^liT5S 

a i ccot^rts i ±mmcttm&$>zt)K mm±<o 
a i <D*mmM*ft&m<Dmz&&^$&<D&}$fr%m 

^JTftt><E>T\ XftWXIZS i + A l<D*gg#4. 5 

mmomtmrnxA 1 N£#ffc#Tffl2tt weeesss* 20 
m& * tc&omm%&g3y> h a 1 wmm* 0 . 1 - 1 . 

tt01*©A«5£S*gCCO. 3 5ti%«TiUc.l 

r. v^^Tmzm.^mmvzcticx-ix (a + 

r ) F e <fc 0 BfgJRifiKfflrtc 3s x&A? £ 

s i mM&cDTWimz. w*.«ei3 f 4, 5, 6&c^l*3o 
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♦ /cJc^CCCr. VOSRflneCcfcoT (a + r) FefflZlta 
««#tt*S*l. S i ©Rgai^oci^O'A 1 

oym&mmcjz^x. s immmizmmztizfiK 

[0 04 0] $/c> Cr, V«Fe<b(D^P^{t^ 
<, 05CC^O/tJ:5C£ (a + r) F efflZltB$g*££#J 

«l^6*>. ^o±Kas»s«2ma%r^>^ci^» 

[0 0 4 1 ] B7W\ (a + r) F e ffi=tBWM)tt* 

*»«cMottv*«c«^rf¥ffl*«/h3i». ffiot, Mo» 

«T*BW&3*hWtt»S*6, JhlMAUttl. 0 

[00421 S8, 9, 10«Mn, Ni, Cu(DiJS 
cne>©7cf(i (a + r ) F e 

Mn. Ni. C u*ft^h®S*(0*8*#3 

[0043] «±0»tN!Htofe i{Cfflt^«K«itk 

[0 04 4] 



No 


C 


S i 


Mn 


C r 


Mo 


A 1 


V 


I 


0.13 


3.42 


0.51 


0.32 


0.25 


0.21 




2 


0.25 


4.51 


1.22 


0.55 


0.15 


0.47 




3 


0.14 


3.01 


1.15 


1.61 


0.16 


1.03 




4 


0.21 


3.21 


0.71 


12.1 




0.11 


0.41 


5 


0.12 


2.03 


0.48 


0.71 


0.16 


0.51 


0.83 




0.15 


0.21 


0.68 


1.02 


0.16 


0.03 





[0045] 2 ) m mmi 

mmm-ctt$L±*r2>t&mz. mi lcc^nrosj: 
-so tcm-rzmm (mi 3 (a) ) tfiawa&z&s 

CC. *5fc»#K:*:*ttR« (R = 1. 2 5mm) *R» 
£<£5&CL/c 0 &j£WU*5 0 0 

n»?H»»i*ai< ifi, 100 o-ctcig^sajn^u/c 



40 SCM4 1 Z<Dikmt±<DmKto\<*XWh&ti:&>> 

<DJ»*#B«>e>*l/c. ttfc. No. 1 tt<D 1 lOO'Cr 

[0046] 
[312] 



(7) ftffiW- 1 1 -2 22 62 7 

XI 12 





Ji 




T 




3 a 




3 o 




3 o 


No. 3 


86.15 


0.055 


86.17 


0.045 


86.16 


0052 




84.92 


0.213 


85.93 


0.132 


85.03 


0.178 



c o o 4 7 ] 3 > mm 

c mi 3 <a> (omzicmwjQxzmM 

too48] ( i ) h 1 

/dice, flMt4>tM$S»*HELT» iMll^^PS 

[0049] 
[^3] 



No 


g&Jf^^S (urn) 


1 


7. 7 (3 cr= 1. 4 5) 


2 


6. 4 (3o = l. 3 8) 


tt«*t 


18. 2 (3 o = 3. 1) 



[0 0 5 0] fcfc. 850 •crosgea^stt. mm 

»ffitB«CAl. Cr, V<DgfM»:fe<fca^m4S£»iffl 
Mftffl£tf&fca&<Dk<Dr&£ 0 9 3 0°cr©*f 
g^K4si>Ttf , 31 1 &Cf2i£<DC r *w»accdwr 4 
No. 4tt«:*jc*rtt^tSffii3&stto. 2$?u><Ddk 
MKC r7C3i©C rK^fc«l*«WBICC#rfflr*C 
«r®l//c. /c/cU il5Oi»^->-cii9 3 0 

[0051] a*. m&te£zmtm<D&m?iti\&$&L 
ccsiifrraBwrafiiatt* 9 5 0t, i o o o •c-ca 
fln 1/ r fills u/ci|gmv iooo •ccc*$tvc «^ffit@cc 

1 0 0 0 TJ*j8<oaffir*JfcS*l, 9 5 0 "CWTOSS 

[oo52]^i6(jno. 3 tt<Dmmm<D&mffl&* 
x^fficcj:or^4 9{fflj%-c*jci^^n> 

3»©«ffiBt*ffi^6 4 0 0 ^m{4grCD£JgfflfSS£ 
^ESa<-?-REHKrnSO^«S«:H 17 (a) , 



(b) KinL/ctf. *ffiS©gia^-^^-< 
io «Mb3nrc»«c&a^to3^«. 

[0053]^ &&<DP-5fc-**>^X HfttC 

6 o t«s%^6ett«ictt 5-7 {m%mm.K.wj>vx 

MCtfrfe, A 1 Ntti*o«iBH«c«ra«K:J:oT»ia 

[0054] (2) SK§gfXh2 
20 ai£IU&fcOT, $6^18 5 0°C-C<Dg^ffi£if-?/Co 

[ 0 0 5 5 ] 0 1 9 (C(tX^^«I»9Ritffid« 

^^(Digfb^fg^^n^CDCcWLT, *«M<0N 
30 o. i.No. 3Wr»8bMz h©WW#05lt3 
htC>4Ci#b*ft. £/c. No. 5«r(iV(D^Sa 
{Cj:otNo. 1. No. 3tt£*)t>-ri)Hcmm<D»<t 
tmmZtl, £6CC. No. 4tfCUCr7C3Kra 
CC*4Kaft«3|^"iB{b»««H-C#&. @20ttNo. 

tt^^cc^oasftacc^twftaLrt^^, *iA&-k 

[0056] #SUfe#l<D<J: fi^(DS^tag9 3 0 

40 xrc<D«£J8©^#^> w l . 2tl°/o«±r, 

-**A*iOT«in&Kfb». ^fb«5. KB4bfk**rU 

tcotttfi}. *»o»jatC!>j:9«:iHBE»a[*JB»*^ai 
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